Introduction: Parapineal (PpO) neurons develop asymmetric connectivity to the left habenula (lHb) in the dorsal diencephalon of embryonic and larval zebrafish. Recent studies relate this asymmetric connectivity with sensory responses to light. However, the structural and functional bases of this behaviour are still unknown. To begin addressing this issue we investigated the axonal structural configuration and distribution of pre-synaptic proteins in PpO-lHb projections of zebrafish larvae searching for plastic changes modulated by light.
Material and Methods: PpO-lHb connectivity was visualised by confocal microscopy in dissected brains of Tg(foxd3: Discussion: These results suggest that the PpO-lHb circuit in zebrafish larvae responds to Light:Dark rhythmical changes through a mechanism of plasticity, generating structural and synaptic remodelling of PpO projections.
Funding: ICM P09-015-F, FONDECYT (3160421, 1161274, 1151029) Suppressor of fused (Sufu) is known as a negative regulator of mammalian Hedgehog signaling pathway, mainly by interacting with Gli transcription factors. Sufu is essential for embryonic central nervous system patterning and subsequent cortical and cerebellum neurogenesis. β-catenin, the key transducer of mammalian Wnt signaling, is also a pivotal regulator of neurogenesis. The interactions between Sufu and β-catenin have been reported in cell lines and Xenopus embryos. To characterize the roles of Sufu and β-catenin in hindbrain neurogenesis and investigate possible interactive mechanisms, a Hoxb2-r4 enhancer driven Cre was adopted to genetically manipulate Sufu and β-catenin in hindbrain rhombomere 4 during mouse development. Deletion of Sufu or stabilization of β-catenin could both lead to expanded rhombomere tissue. Starting at E10.5, Sox2+ neural progenitor pool showed an enlargement at the expense of Tuj1 + neuronal population in Sufu mutant compared to control. This disruption of progenitor/neuron proportion was associated with augmented neural progenitor proliferation. Noticeably, dorsal progenitors showed a more dramatic proliferation increase than ventral cells upon Sufu removal, whereas in wildtype the progenitors along the dorsal-ventral axis of r4 exhibited a uniform proliferation capacity. Sox2+ neural progenitor domain was similarly enlarged despite a convoluted morphology in β-catenin stabilized mutant at E11.5. Progenitor proliferation was compromised in β-catenin knock-out r4 but remained unaffected when β-catenin was stabilized, suggesting that β-catenin was required but not sufficient to drive hindbrain progenitor proliferation. In summary, our data suggest that both Sufu and β-catenin play important roles in neural progenitor proliferation and differentiation control and there lies a potential regulatory hierarchy behind them in the proper maintenance of mouse hindbrain progenitor pool. The formation of the forebrain is a very complex developmental process that is highly dependent on the proper orchestration and integration of various signaling pathways. Therefore, a cell specific receptorsome is essential for the cells to interpret the diverse extracellular signals. It has been reported before that low-density lipoprotein receptor-related proteins (LRPs) are essential for signal transduction processes during brain formation.
We want to shed light on common and distinct functions of LRP4 and LRP5/6 regarding their role of transducing and integrating WNT signaling during forebrain development. Interestingly, these receptors are expressed during critical developmental stages of the forebrain. At E9.0 expression of Lrp4 can be detected in the dorsal neural folds. It overlaps with the expression of Lrp6 and from E9.5 onwards it also overlaps with Lrp5 expression. Recent findings showed that LRP4 can modulate the function of LRP5/6 in peripheral tissue development (Ahn et al., 2013) . Here, we addressed the question whether LRP4 might also have a similar effect on LRP5/6 during forebrain formation. We created and analyzed compound mutant embryos that are deficient of LRP4 and LRP6. We found that loss of LRP4 and LRP6 triggered an aberrant, locally increased proliferation of the neuroepithelium starting at E9.5. This resulted in a dramatically disturbed morphology of the prospective forebrain. Dissecting downstream targets of the WNT signaling pathway, we observed that Tcf4, Lef1 and Axin2 expression was upregulated in neural progenitors of Lrp4;6 compound mutants, whereas the pathway was down-regulated in Lrp6 single mutant embryos. The impact on the WNT pathway mediated by LRP4/LRP6 deficiency was also visualized in the mutants on a TCF/Lef:H2B-GFP reporter background. We conclude that LRP4 and LRP6 are crucial components of the canonical WNT pathway in respect of balancing the proliferative activity of neuronal progenitor cells in the developing forebrain. During sexual maturation, the nervous system undergoes sexually dimorphic changes that couple behaviour to reproduction. Sex differences in behaviour include courtship, mating and cognitivelike processes such as learning that also enhance reproductive success. What are the precise mechanisms that generate sex-specific remodeling of behaviour and how universal are they?
Recently, we have identified a previously unknown sexual dimorphism in the C. elegans brain that is required for sexual conditioning, a form of associative learning by which a rewarding experience with mates overrides the effects of an aversive association with starvation. This behavioural flexibility allows males to prioritise mate over food location. We followed single cell development, from gene to circuit to behaviour, to define the neural basis of sex differences in learning. We found that sexual conditioning requires a pair of male-specific interneurons (termed MCMs) that are born during sexual maturation from fully differentiated, functional glial cells. These glial cells are present in both sexes but re-enter the cell cycle to produce neurons only in males and this is regulated cell-autonomously by genetic sex. Now we have found another pair of previously unknown malespecific neurons that also arise from glial cells, this time as a direct transdifferentiation, without a division. During sexual maturation, a class of fully differentiated, functional glial cells, undergo dramatic morphological and molecular changes becoming cholinergic sensory neurons that are incorporated into a sensory-motor mating circuit in the male. Our findings reveal an important role for glia developmental plasticity in the remodeling of circuits during sexual maturation that are essential for reproductive success and we are currently exploring the cellular and molecular mechanisms that regulate these glia-to-neuron cell fate switches. 
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By releasing secreted factors to the blood upon receiving neuronal input, neuroendocrine cells represent the main integrators connecting nervous and endocrine systems. The highly conserved homeodomain factor Brain-specific homeobox (Bsx) is expressed in two neuroendocrine structures, the developing hypothalamus and pineal complex. Using TALEN-mediated targeted mutagenesis in zebrafish, we generated the bsx m1376 mutant allele, in which a truncated Bsx protein lacking a functional DNA-binding domain is expressed. In the rodent hypothalamus the orexigenic neuropeptide AGRP has previously been described as being significantly downregulated upon loss of functional Bsx. In bsx m1376/m1376 larvae we observed drastically reduced agrp expression, suggesting a similar Bsx function in the zebrafish hypothalamus. However, neuroendocrine defects of bsx m1376/m1376 extend beyond the hypothalamic area as loss of pineal gland expression of tph1a, tph2 and aanat2 indicate absence of melatonin. While in mammals information about light conditions reaches the pineal gland via the retina and suprachiasmatic nucleus, the teleost pineal gland is directly photosensitive. For more than ten markers associated with cone-and/or rod-like photoreception we found aberrant expression in bsx m1376/m1376
. Misspecification of pineal photoreceptors and loss of melatonin suggest disturbed circadian and light-dependent activity regulation in bsx m1376/m1376
. Apart from its endocrine function the teleost pineal complex plays a crucial role in the establishment of both anatomical and functional asymmetries in the developing epithalamus. This is mediated through the parapineal organ, a unilateral structure demonstrated to be necessary for asymmetrical differentiation of the habenulae. In bsx m1376/1376 no parapineal organ is forming and symmetrical expression of kctd12.1 and kctd12.2 suggests right isomerization of the habenulae. Through epistasis analysis, using the well-characterized floating head and one-eyed pinhead mutants as well as injections of morpholinos against otx5, tbx2b, nr2e3 and pitx2c, we seek to integrate Bsx into a comprehensive model of pineal complex development. The differentiation of neurones in the vertebrate nervous system is controlled by a cascade of transcription factors, starting with determination factors like Neurogenin2 whose expression marks neurogenic regions. In contrast to the wealth of information about the differentiation process as such, little is known about the mechanisms that define the neurogenic regions. In early amniote brain development, neurogenesis is limited to three distinct neurogenic regions in the hypothalamus, ventral pretectum and dorsal mesencephalon. This provides an excellent model to investigate the spatial and temporal regulation of the neurogenic regions. A prime candidate regulatory signal is Fgf8, which is secreted by the isthmic organiser and the anterior neural ridge. Fgf signalling induces and patterns the mesencephalon, and can suppress neurogenesis both in the spinal cord and in the brain. We used pharmacological inhibitors to specifically investigate its role in positioning the earlyforming neurones of the medial longitudinal fascicle (MLF), and the signal transduction pathways involved. Our results indicate that Fgf signalling prevents premature neurogenesis in the mesencephalon, thereby restricting the MLF neurones to the ventral pretectum. The Ras-MAPK pathway is sufficient, but not necessary to mediate this effect, indicating the involvement of a further Fgf signal transduction pathway. To identify targets of Fgf signalling, we analysed the transcriptomes following receptor inhibition and will present data on the transcriptional effects. The adrenal gland is composed of a medulla and cortex that secrete adrenaline and corticosteroids into the systemic circulation
